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THE VELOCITIES OF METEORS 
By R. A. McINTosH 


XAMINATIONS of the heights at which meteors of various 
velocities become luminous have been made by Maltzev,! 
using the data contained in the Von Niessl-Hoffmeister catalogue, 
Wegener,”? for meteors brighter than Jupiter, and Opik,’ from ma- 
terial gathered by the Arizona Meteor Expedition. 

These investigations reveal, as should be expected from any 
theory of meteor incandescence depending upon atmospheric fric- 
tion, that an increase in the apparent velocity results in the meteor’s 
luminous path occurring higher in the atmosphere. Plummer,‘ 
using Denning’s data, has shown the correlation coefficient between 
height of appearance and velocity to be about 0.5. Wegener's 
investigation was the only one confined to a single type of object 
(fireballs). Opik’s relation is based not on observed velocities but 
on those deduced from the elongation of the radiant from the 
meteoric apex. 

The data of the Von Niessl-Hoffmeister catalogue, upon which 
Maltzev’s investigation was based, are under suspicion. Doubts 
have been cast upon the reliability of the material in several recent 
papers, notably those of Fisher,» Wylie’ and Watson.’ An inspec- 
tion of the catalogue reveals a far higher proportion of meteors 


1 Monthly Notices, R.A.S., vol. 90, p. 568, 1930. 

2 Met. Zeitschr., vol. 44, p. 281, 1927. 

3Harvard Annals, vol. 105, p. 573, 1937. 

‘Monthly Notices, R.A..S, vol. 76, p. 390, 1916. 

5H.C.O. Circulars, No. 331. ®Cont. Iowa Obs., vol. 1, p. 253, 1937. 
7Proc. Am. Phil. Soc., vol. 81, p. 478, 1939. 
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beginning above a height of 100 miles than can be found in the data 
of other experienced computers. If the catalogue data are un- 
reliable, Maltzev’s evaluation of the velocity-height relation may 
be in error. 

The height at which a meteor becomes luminous is important 
because from it an estimate can be made of the density and tempera- 
ture of the atmosphere at altitudes unexplored by meteorological 
instruments. The several theories in existence are built around the 
phenomenon of the ordinary meteor occurring at a normal height— 
one in which no air cap is observed and where, in fact, an air cap 
cannot be formed. The fireball, complete with glowing nucleus and 
all the visible signs of atmospheric resistance, plays but a small 
part in the theorists’ investigations. 

If one wished to compare theory with observation, therefore, 
there is no analysis of ordinary meteors available for the purpose, 
and it would scarcely suffice to compare fireball data (even if above 
suspicion) with theories concerning the luminosity of meteors not 
in the fireball class. 

Accuracy of Observed Velocities—Unfortunately for the progress 
of meteoric astronomy there has been a long-standing impression 
among astronomers that meteor velocities deduced from visual 
observations are unreliable because of the shortness of the phe- 
nomenon and the fact that the deduced velocity is dependent upon 
the accuracy with which the path length is determined. This im- 
pression has not been combatted by meteor observers themselves. 

A test of the accuracy of observed velocities is available in that 
the theoretical velocities of shower meteors such as the Leonids 
and Perseids are known and can be directly compared with the 
velocities of members of those streams which have been doubly or 
multiply observed. 

From recent experience with the extensive data on real heights 
computed and published by Denning* I have come to place con- 
siderable faith in their value. I therefore applied the foregoing test 
to his data, the result being tabulated in Table I, where the theo- 
retical velocities have been corrected for the earth's attraction. 


*Monthy Notices R.A.S., vol. 57, p. 164; vol. 72, p. 423; vol. 76, p. 219; 
Journ. B.A.A., vols. 27, 28, 29 and 32. 
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The Velocities of Meteors 307 
TABLE I—APPARENT VELOCITIES OF METEORS 
Shower Velocity 
Observed Theoretical O-C n 
‘ 24.8 mi./sec. 27.3 mi./sec. — 2.5 mi./sec 1s 
34.0 30.1 + 3.9 10 
38.1 38.7 — 0.6 92 
44.9 + 2.2 29 
Geminids........:... 23.5 28.0 — 4.5 9 
Mean (unweighted).... — 0.3 16: 


Both Fisher® and Maltzev'® have mathematically examined tke 
efficiency of the various means and both have found that the 
harmonic mean best represents the truth in statistics concerning 
meteor velocities. Accordingly I have used harmonic mean ve- 
locities to form the above table. In the case of the Perseids one 
abnormal meteor has been excluded for the reason that its velocity 
(3% mi./sec.) was 1814 miles outside the range of the remaining 92 
objects. 

The table reveals that although individual meteors from a 
periodic shower may diverge considerably from the theoretical 
velocity, when averages are taken, even of small groups, the agree- 
ment is surprisingly close, the observed velocities of the Perseid 
meteors differing by only 0.6 miles/sec. from the theoretical figure, 
a result which would have gratified the computer, who himself esti- 
mated on other grounds an error of from 1 to 31% miles a second." 

Relation between Velocity and Height.—To evaluate, particularly 
for the ordinary meteor, the relation between velocity and height, 
I have divided Denning’s data into four classes:—(1) sporadic 
meteors, (2) shower meteors, (3) sporadic fireballs and (4) shower 
fireballs. A shower object is defined as one emanating from one of 
the recognized annual showers named in Table I, the remainder 
being regarded as sporadic (although in most instances Denning 
assigned these meteors to definite minor radiants). Following 
Olivier’s definition,” fireballs have been regarded as objects equal- 
ling or exceeding Jupiter in brightness (= mag. — 2.5), with the 


°H.C.O. Circulars, No. 375. 

Bull. Tashkent Obs., No. 3, p. 57, 1934. 
Monthly Notices R.A.S., vol. 73, p. 395, 1913. 
1*Mfeteors,”’ p. 7. 
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addition of daylight objects and those described as fireballs by the 
computer. The zero end heights of meteorites have been excluded. 

The mean heights of the four groups, arranged according to 
apparent velocity, are shown in Table II and smoothed curves are 
shown graphically in Figure I. The means of the heights are 
arithmetic, the frequency curves being normal. 

For completeness the table is extended to velocities recorded as 
100 mi./sec., but it must be noted that the small number of meteors 
available for analysis above velocities of 50 mi./sec. makes the 
table unreliable in the higher velocities, and these have accordingly 
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(e) 1 2 3 4 5 G 7 8 9 10 Miles 
Fig. 1—Relation Between Velocity and Height of Meteors and Fireballs. 


been omitted from the figure. Attention can be drawn to four 
features revealed by the data. 

(1) Maltzev’s velocity-height evaluation differs markedly from 
the fireball data in the present evaluation. The variation between 
the two lends additional evidence to the suspicion previously 
voiced by several critics mentioned earlier in this paper that the 
beginning heights of the objects in the Von Niessl-Hoffmeister 
catalogue are excessive, especially since Denning’s results (as will 
be seen later) are substantially confirmed by the computations 
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made by the British Astronomical Association’s meteor section 
and by A. King. 

(2) Earlier beliefs that fireballs begin higher and end lower 
than normal meteors are confirmed. It is unlikely that this arises 
from a difference of composition, for, if fireballs were composed of 
more volatile substances than meteors, they would certainly become 
luminous at greater heights, but one would expect them to be burned 
out more rapidly and therefore to end higher than ordinary meteors, 
which is not the case. It may be that the greater heights of fireballs 
are due to their greater mass while their longer range may arise not 
only from their mass but also from the formation of air caps re- 
tarding their dissolution. The questions of the influence upon 
height of air caps and mass deserve greater attention than appears 
to have been accorded them by theorists. 

(3) It will be seen from Table III that shower objects, both in 
the meteor and fireball classes, appear to have their luminous paths 
higher in the atmosphere than sporadic objects, shower meteors 
beginning 4.1 mi. higher than sporadic meteors and ending 2.0 mi. 
higher, while the shower fireballs have heights 3.0 and 7.9 mi. in 
excess of sporadic fireballs. 

While it is obvious that the inferences to be drawn from sta- 
tistics based on such small numbers as these are very slight, it is 
significant that the phenomenon of the increased heights of shower 
meteors and fireballs above sporadic objects was evident in my 
study of the seasonal variation of meteor heights’ and is equally 


HEIGHTS OF SHOWER OBJECTS 
METEORS FIREBALLS 


Velocit Ha Hd Ha Hd 
mi./sec mi. mi. mi. mi 
10-14... + 0.2 + 0.6 SSS 
15-19. + 5.7 + 5.6 — 5.7 + 17.0 
— 2.0 + 1.1 0.3 + 16.6 
25-29 + 3.4 + 1.1 + 10.5 + 2.8 
30-34 + 4.2 — 0.3 + 4.7 + 8.1 
35-39 + 44 + 3.7 — 3.5 + 5.0 
40-44 + 3.8 + 1.1 + 6.6 -—- 19 
45-49 ; + 10.2 + 2.3 + 8.0 + 2.7 
50-59. ..... + 7.1 + 3.2 + 3.4 + 13.0 
Mean + 4.1 + 2.0 + 3.0 + 7.9 


18 Monthly Notices R.A.S., vol. 100, p. 510, 1940. 
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visible in two further analyses not yet published. The repetition 
of the phenomenon in all these analyses gives me confidence in its 
reality not justified by the number of meteors concerned. 

(4) The fastest meteors may not be the highest. The data for 
those velocities where the decline in heights sets in are statistically 
much less reliable than for the lower velocities, but it is significant 
that the decline is marked in all the curves in the figure. 

The series of crosses lying close to the curves of meteor heights 
have been calculated from a formula by Opik" designed to show the 
effect of velocity on height. The close coincidence of these com- 
puted points with the observed heights reveals that atmospheric 
resistance is the only factor involved in the luminescence of meteors 
and is a further proof of the inherent accuracy of Denning’s data. 

Observed Velocities of Meteors and Fireballs—The harmonic 


mean velocities of the various classes of object follow:— * 
METEORS FIREBALLS 
n Vv n Vv 
22.2 mi./sec. 298 18.9 mi./sec. 
See 36.0 69 37.2 


In the sporadic objects the slower observed velocities of the 
fireballs probably arise from the increased air resistance experienced 
by these objects, an effect which is negligible among meteors. The 
amount of this retardation (about 10 per cent.) is considerably less 
than the value found by Wegener (24 per cent.).% The velocities 
of shower objécts in the table are not significant, being close to the 
theoretical velocities of the six annual streams in proportion to their 
representation in the data. 

The Model Meteor.—The characteristics of the average meteor 
and fireball are as follows:— 


Denning’s Denning’s Average 
Fireball Meteor Meteor 

Magnitude............. — § 1.5 3.0 
4.25 sec. 1.7 sec. 0.5 sec. 
Height: Appearance..... 65.3 miles 62.5 miles ‘aia 

Disappearance... 33.5 miles 43.0 miles 
81 miles 37 miles 11_ miles 
Angle of incidence....... 55° 


55° 55° 
Geocentric Velocity..... 19 mi./sec. 22 mi./sec. 


“Publications Tartu Obs., vol. 29, no. 5, p. 24. 
“Die Naturwissenschaften, vol. XV, p. 286, 1927. 
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The data in the final column are based on statistics recently 
published by the Meteor Section of the New Zealand Astronomical 
Society® based on 12,800 observations of meteors normally seen 
by meteor observers, while the figures referring to path length are 
extracted from unpublished statistics. 

A truly comprehensive theory of meteors therefore should be 
able to describe qualitatively the observed differences in behaviour 
of four types of meteors; (1) the spectacular fireball, (2) the average 
fireball (above), (3) the bright meteor (above), and (4) the normal 
meteor (above). 

Accuracy of the Data.—Since the value of existing catalogues of 


real heights of meteors, especially if not recent, is open to question 


at the present time, it is desirable to attempt to show what reliance 
can be placed on them. Denning himself, by comparison of 75 of 
his own computations with those made independently on the same 
objects by A. S. Herschel,'? found the following discordances:— 


Beginning point...........4 miles 
End point................34% miles 
Path length..... ......-43%4 miles 
mi./sec. 


But he was also able to point out that if 15 of the most discordant 
results were rejected, the discrepancy amounted to only about a 
mile in each instance. 

Meteor heights do not differ from the mean solely because of 
observational errors. It appears that the principal portion of their 
frequency spread arises from what Opik has termed the ‘‘cosmical 
spread.”’ The varying compositions and masses of individual 
meteors make it highly improbable that, if errors of observation 
were eliminated, the meteors would all occur at the same heights. 
It is therefore obvious that probable errors, invented for quite a 
different purpose, fail adequately to reveal the true position. 

One possible check we may make on the accuracy of the data is 
to compare it with the published results of other computers and to 
note the disagreement between the two samples. For this purpose 
I have selected the various real heights published in the Journal of 
the British Astronomical Association computed by its meteor 


“Transactions, Roy. Soc. N.Z., vol. 72, pp. 4, 301, 1943. 
‘7 Monthly Notices R.A.S., vol. 73, p. 395, 1913. 
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section and by King. The results of this analysis are set out in 
Table IV, where the means found from the fresh material are set 
against those determined from Denning’s data. In the third column 
are shown the divergences between the two, which, when signs are 
taken into consideration, yields a mean divergence of only 0.1 miles 
and reveals that real height computations are worthy of more 
respect than has formerly been accorded them. 


TABLE IV—CoMPARISON OF REAL HEIGHTS DETERMINED BY 
Various COMPUTERS 


V Denning B.A.A.-King Diff. Total meteors 

mi./sec. n mi. n mi. mi. Involved 

ee ae 14 49.5 10 58.9 — 9.4 24 
10-14 35 57.8 33 60.3 — 2.5 68 
15-19 70 63.3 39 64.2 — 0.9 109 
20-24 66 65.8 40 65.5 + 0.3 106 
25-29 62 66.5 36 66.6 — 0.1 98 
30-34 45 70.6 15 66.6 + 4.0 60 
35-39 42 68.8 17 67.2 + 1.6 59 
40-44 31 75.2 23 74.0 + 1.2 54 
45-49 19 74.4 5 69.4 + 5.0 24 


| 


Mean difference............ 


The test has not been made an elaborate one, for both groups 
have been treated as of equal weight whereas the numbers com- 
prising the groups are unequally divided, while no allowance has 
been made for the accuracy of the two sets, internal evidence 
suggesting that they are not of equal worth. Nevertheless the test, 
sketchy as it is, shows that a mean derived from fifty or more 
meteors may be in error by a mile, and we can therefore have some 
confidence that the curves depicted in Figure 1 have some real 
significance. The divergences between the two groups of compu- 
tations have been plotted against the total number of meteors 
involved in Figure 2 in an attempt to define approximately the 
amount of error to be expected in any set of meteors. 


SUMMARY 
The mean observed velocities of shower meteors in Denning's 
lists of real paths are found to agree closely with the theoretical 
velocities of those streams, revealing that observed velocities have 
greater accuracy than has hitherto been believed. 
The velocity-height relation is evaluated from Denning’s data 
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for four types of object—sporadic and shower meteors and fireballs. 
While an increase in height related to increasing velocity is found, 
it is seen that fireballs begin higher and end lower than meteors and 
that shower objects of both types begin and end higher than 
sporadic ones. 

Some points of importance which it will be necessary for future 
theorists to explain are discussed, while an attempt is made to 
evaluate, for the theorist, the characteristics of the various types 
of object. 

As a check on the accuracy of the data Denning’s values have 
been compared with sets of real heights independently computed 
by the British Astronomical Association and King, it being found 
that the mean divergence between the two sets is very small. 


Private Observatory, 
1 Melford Street, 
Auckland W.1, N.Z. 
24 June, 1943. 
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THE AURORA BOREALIS AS SEEN FROM EDMONTON 


By W. K. Ancus 


HE recording of auroral displays is an interesting hobby which, 

unlike variable star observing, requires nothing in the way of 
equipment except a pencil and a notebook. A considerable number 
of displays are visible each year from almost any location in Canada 
and it is the writer’s hope that others, on reading this, will be en- 
couraged to take up the same work. 

The data given in the summary that follows cover the period from 
June 13, 1941 to May 18, 1942, and from September 1 to October 31, 
1942.4 While such information, taken by itself, is of limited scientific 
value, it does give a clue to the frequency with which a display of 
some particular form or intensity may be expected to occur in the 
same general geomagnetic latitude,? or any display for that matter, 
keeping the sun-spot cycle always in mind. 

Certain reservations must be attached to the figures given, such 
as the chance of error with only one observer and the fact that 
observations were confined to the first half of the night. The first set 
of figures gives the number of displays, or more correctly the number 
of nights during which displays were seen, for the stated periods. 


Total clear or partly clear nights........................ 235 
Total nights on which displays were seen . 82 


Thus we have an average of better than one display for every 
three nights on which observation was possible. This average, inci- 
dentally, has not held up into 1943, indicating an apparent, and no 
doubt actual decline in sun-spot activity in accord with the eleven- 
year cycle. The proportion of clear weather to cloudy is probably 
about average for the interior regions of Canada, and shows that 
Edmonton is not especially favoured in this respect. 

- 1The round total of 400 nights was chosen for this summary. Displays were 


recorded during the summer months of 1942 but due to Daylight Saving Time 
the records are incomplete. 

2This may not be strictly true as displays are believed to occur less fre- 
quently over the western portion of the continent than the eastern, a point which 
helps to balance out Edmonton’s northernly latitude. 
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The usual system of recording the brilliancy of a display is by 
means of an intensity scale of I to IV, expressed in Roman numerals. 
A display of intensity I would be very weak while one of intensity IV 
would be extremely brilliant. These ratings are based on the maxi- 
mum intensity reached during the display. 

The relative activity is also closely linked with the intensity. It 
can be taken as a general rule that the brighter the display the more 
active it will be, and the more colours it will exhibit. Thus any dis- 
play rating intensity IV is very likely to be an F or Flaming aurora, 
the kind that draws excited comments from every onlooker. 


The total of 82 displays breaks down as follows: 


Number of displays of Intensity [...0000000000000000..... 27 
” [Intensity II .... . 29 


It will be noted that most of the displays, better than 96% of 
them, were fairly evenly divided between the first three intensities ; 
displays reaching intensity IV being exceptional. These latter type 
however, are of particular scientific interest as they are often the result 
of, or at least accompany, greater than normal fluctuations in the 
earth’s magnetic field. 

For greater ease in recording displays a standard list of twelve 
auroral forms, all appropriately abbreviated, is in general use. An 
analysis of the 82 displays gives the following result, with the total 
for each form in the second column: 


G (Glow) RA (Rayed Arc) 2 
HA (Homogeneous Arc)... 24 RB (Rayed Band) 23 
HB (Homogeneous Band) .. 36 D (Draperies) . 32 
PA (Pulsating Arc) .... R (Rays) 31 
DS (Diffuse Surface) .... 38 (Corona) 3 
PS (Pulsating Surface) ... 3 F (Flaming Aurora) 3 

203 


The total of 203 forms averages out to roughly 2% forms to each 
display, the highest total for any one of the 82 displays being 7. The 
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simultaneous occurrence of two or three forms is common; higher 
totals than this being built up during the course of a night. 

One thing revealed above is that DS accompanied close to half 
of the displays. It often covered the entire northern half of the sky 
but was seldom so bright that a definite colour could be assigned 
to it. HA’s were common, along with the similar but less regular HB 
formations, while it will be seen that RB, D and R made up the bulk 
of the remaining forms. On three occasions the rays or draperies 
formed a corona at the magnetic zenith, which for this locality is a 
few degrees SW of the true zenith. 

As for the colours seen, the typical yellowish green was by far the 
most common, although other colours sometimes put in an appearance 
as revealed in the list below: 

Green Pink or Red 12 *Orange 0 
White Violet 6 Indefinite .... 4 

The three displays which reached Intensity IV occurred on the 
nights of July 4/5, 1941, April 3/4, 1942, and September 10/11, 
1942; reaching maximum intensities at 11.20 p.m. MST, 1.10 a.m. 
MDST, and 12.16 a.m. MDST, respectively. (The famous display 
of September 18, 1941, was not seen from Edmonton owing to 
cloudy weather.) 

Of these three displays the most outstanding was the one of April 
3/4, and it was well worth losing sleep to watch it. At one time a 
glowing, rippling, emerald drapery of intense brilliance reached from 
horizon to horizon across the zenith, to be followed later by a flaming 
aurora during which alternate flashes of red and green light covered 
large areas of sky. 

The display of September 10/11 was notable in that it developed 
from Intensity I to Intensity IV in the short period of 16 minutes. 

When displays like these are seen it is particularly important, even 
if one is not a regular observer, to send a report to Dr. C. W. Gartlein 
at Cornell University, Ithaca, N.Y. 


Edmonton, Alberta. 


- 8Bright orange, a rare colour, was seen during an Intensity III display on 
April 10/11, 1943, at 9.30 p.m. MDST. However, 1943 has so far proved a very 
quiet year for displays. 
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TWENTY-FIVE YEARS PROGRESS IN 
METEOROLOGICAL SCIENCE* 


By FrepericK MAHAFFY 


WENTY-FIVE years ago the weather forecaster was using 

methods which were substantially those introduced nearly forty 
years before. What advances had been made were chiefly in the use 
of empirical rules developed with long experience. The weather 
forecaster at that time received surface observations once or twice 
a day from a rather limited number of observing stations. These 
observations were plotted on the usual weather map and a map was 
drawn up showing the different centres of high pressure and low 
pressure with their accompanying isobars, and from this map the fore- 
caster made up his forecasts. Areas of high pressure were regions 
of good weather and areas of low pressure were areas of bad weather. 
Attempts were made to forecast the movement of rain areas but this 
was attacking the symptoms instead of the disease which is a fatal 
mistake in either meteorology or medicine. The area where it is 
raining may shrink or expand and to successfully forecast the rain, 
it is necessary to forecast the variation in the causes of the rain. Here 
again the forecaster of those times faced another obstacle for his only 
observations were those made on the earth’s surface and these too 
showed only symptoms of what was occurring in the atmosphere above. 
It was the recognition of these limitations which determined the course 
of a great deal of the research over the past twenty-five years. 

I have heard it said frequently in the years just prior to this war, 
that wars never cause any real progress—that the inventions of war 
were useless for peace-time purposes. There is one real contradiction 
of this statement in meteorology. During the years of the last war, 
Norway, which was then a neutral, was extremely fortunate in possess- 
ing two brilliant meteorologists, V. Bjerknes, the father, and J. 
Bjerknes, the son. Norway is itself only a small country and when 
weather reports from other countries were cut off for reasons of war- 
time secrecy, they found that they were extremely handicapped in 
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making any sort of weather forecast whatever. The younger Bjerknes 
hit on the idea of largely increasing the number of reporting stations 
within Norway and attempting to substitute a close intensive network 
of stations for a more widely scattered network which could not now 
be attained. This close network of stations brought to light details 
regarding the weather which had never been fully noticed before. It 
would take too long to give the details here as to how the theory was 
developed but by the early 1920’s Bjerknes with the aid of a few 
collaborators had developed the theory of fronts and air-masses which 
is probably the most noteworthy advance which the science of 
meteorology has made in a century. Like a number of other dis- 
coveries it seems very simple now and hard to understand why it 
was not noticed before. 

To understand this theory one might imagine the change in 
climate which we would experience if we were able, one January day, 
to fly from Dawson City to Havana, Cuba. At our point of departure 
the air would be dry and cold in the extreme, perhaps 40 to 60 
below zero, with as little as 1/10 of a gram of moisture per kilogram 
of air. When we arrived at Havana we would find the air warm 
and moist, perhaps 70 to 80 above, with 100 times as much moisture 
as at Dawson City. It is a fact easily observed in meteorology 
that the atmosphere tends to assume the properties of the surface 
over which it is passing. Air passing over extensive areas of water 
tends to become moister, air passing over warm ocean currents or 
warm land areas tends to become warmer, and air passing over cold 
dry land areas tends itself to become cold and dry. It is easy to see 
how this takes place. When air passes over a water surface moisture 
evaporates into it until a state of equilibrium is reached and as a 
result such air is usually moister than that occurring over a dry 
land surface. Then again in the cold polar and subpolar regions 
heat is radiated outward from the earth during the long polar nights 
and as the earth and the snow cool, the air in contact with them cools 
and, by mixing, this air is carried to higher levels. As the air cools 
the moisture in it condenses and the air becomes progressively drier. 
It is found therefore that there are large masses of air which have 
different properties according to the region of their origin. Funda- 
mentally these air-masses could be classified as polar and tropical 
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according to whether they originated in the cold or warm latitudes, 
and continental or maritime according to whether they originated over 
the dry continents or the oceans. This would make four different 
types of air-masses: polar continental, the dry cold air we experience 
here in winter time; polar maritime, a cold but moister air-mass not 
met with so frequently this far inland; tropical maritime, the warm 
moist air of southern latitudes; and tropical continental, the hot dry 
air of desert climates. 

On this continent there are two or three main source regions for 
air-masses. One is in the cold continental regions of Northern Canada 
and the Arctic where polar continental air has its source region; the 
second is over the Gulf of Mexico and the Caribbean where tropical 
maritime air originates ; and a third is over the northeast Pacific where 
polar Pacific air has its origin. A number of other less important 
regions will not be mentioned for lack of time. 

The second basis for this theory is that one air-mass does not 
merge gradually into the next. Instead there is a sharp boundary 
between two air-masses where temperature, moisture content and 
other properties change abruptly. This boundary is known as a 
front, and fronts are the first thing that we attempt to locate on a 
modern surface weather map. 

To illustrate the construction of a front we may suppose that it 
is the boundary between a polar continental air-mass and a tropical 
maritime air-mass. The polar mass is cold and as a result is denser 
than the tropical air. If two liquids are placed side by side in a 
vessel, such as oil and water, the oil will come to the top and the 
water will be underneath. This is what would happen to our two air- 
masses if it were not for the rotation of the earth. It can be shown 
mathematically that the result of the latter is to make a line of separa- 
tion which slopes upward from the earth’s surface so that the cold 
air forms a wedge lying underneath the warm air. To complete the 
picture let us suppose that the warm air lies to the east and the cold 
air to the west and that the cold air is advancing eastward. We now 
have a complete cold front. We know what weather accompanies 
such a front. 

If the above conditions were reversed and the warm air lay to 
the west and was advancing eastward we would have a warm front. 
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The forecaster of to-day is concerned very largely with locating 
these fronts and tracing their motion. If this can be done correctly 
the forecaster has taken a long step toward making a successful 
forecast. To locate a front on a weather map we look primarily 
for sharp shifts in wind direction which must be in a clockwise direc- 
tion as we cross the front from east to west, for sharp changes in 
temperature, for changes in barometer tendency and other factors all 
of which must occur together. Having located the fronts it is next 
necessary to determine their characteristics, whether they are weak 
or strong, whether they are accompanied by thunderstorms, or ex- 
tensive rain areas and other effects. Following this it is necessary 
to calculate the speed and direction in which they are moving. This 
is done partly from past history, meaning that if a front during the 
last few hours has been moving SE 20 miles per hour, there is some 
expectation, though no certainty, that it will continue to do so, and 
partly from mathematical formulas involving the pressure and pressure 
changes on either side of the front. The forecaster should now be 
ready to state with a fair degree of accuracy where the front will be 
at any time during the next twenty-four hours. When he attempts 
to make his forecast however, he is met by many questions which have 
not yet been considered. What changes are going to take place in 
the front and in the properties of the air-masses in the next few 
hours, what effect will the coming of night make in the effects of 
the front, and many other questions. But the answer to these ques- 
tions cannot be obtained from surface observations alone, and the 
forecaster now finds it necessary to know something of the atmosphere 
above him, and it is about this attempt to learn more of the upper 
atmosphere that I wish to give most of the remainder of this lecture. 

Before discussing this however I would like to mention one other 
advance which has been made possible by the theory of fronts. This 
concerns the origin of the travelling “lows” or “cyclones” which are 
so common in these latitudes. Before the properties of fronts were 
known many different theories were advanced to account for the 
origin of these storms, some of them rather ingenious. It is fairly 
well confirmed now that most of these lows or cyclones originate 
as waves along a front. 

In the same connection there is very strong support for the theory 
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that the tornadoes so common in central and southern United States 
originate along cold fronts or just in advance of these fronts. In this 
case the front acts as a trigger which sets off very strong convection 
currents. The theory has been advanced that tropical hurricanes 
originate in the same way as lows but this theory is still being strongly 
debated. 

I have pointed out the desirability of learning more about the 
atmosphere above us, for it must be recognized that it is here that 
many of the important weather processes take place. The surface 
weather map has without doubt been a great aid to the meteorologist 
but at the same time it has also been a handicap for it has a tendency 
to make him think in two dimensions when to understand the reai 
weather processes he must think in three dimensions. 

Not all of the upper atmosphere is as yet of real interest in daily 
forecasting, though, as our understanding of the role of the higher 
layers advances, it doubtless will be. So far it has been found that 
the lower fifteen or twenty miles are those which play the primary role. 

To understand the atmosphere above us it is necessary to make 
observations at high levels above the ground. Up until the Great 
War two means of doing this had been devised. One was to attach 
recording instruments to a balloon and then set it free. The balloon 
would rise until it had expanded sufficiently to burst. The instru- 
ments would then float down attached to a parachute and the party 
who sent them up would hope that he would be fortunate enough to 
have a few discovered and returned to him. The disadvantages of this 
method are obvious; a large number of the instruments were never 
recovered, and those that were returned were often not found for 
months after. The second method devised was to attach instruments 
to a large kite. This was then sent aloft, anchored by a long length of 
piano wire. With this method there was little doubt or delay about 
recovering the instruments but the height of the ascents was limited 
to eight or ten thousand feet at the most, due to the weight of the 
wire, 

With the increasing use of the airplane during the last war it 
soon became apparent that this could provide a means of obtaining 
the desired information. In 1919 the U. S. Navy began making the 
first airplane ascents on this continent. The first instruments used 


t 


324 Frederick Mahaffy 


were rather crude, judged by present standards, and for a number 
of years there were only a few such flights being made regularly on 
this continent. With the expansion of aviation during the 1920's and 
30’s the increasing demand for fuller and more accurate weather 
information caused a gradual increase in such flights until by 1939 
daily flights were being made at more than thirty points in the United 
States and at least three in Canada. 

Observations made by such means had certain advantages. Visual 
observations could be made by the pilot of such things as cloud bases 
and cloud tops, haze layers, icing conditions, etc. There were dis- 
advantages however which outweighed these. The pilot could not go 
up in very bad weather, and it was at just such times that upper 
air observations were most needed. The upper limit of the flights 
was much below that which was felt most desirable. The sounding 
balloon did not have the last two disadvantages but there was always 
the problem of recovering the instruments. About this time radio 
was developing very rapidly and it began to occur to some meteoro- 
logists that, if only some means could be devised of sending back 
the observations automatically from a small transmitter attached to 
the balloon, many of the previous difficulties would be overcome. 
Starting around 1927 various types of radiosondes, as these instru- 
ments are now called, were suggested and experimented with. Those 
which have survived this experimental period operate on two or three 
main principles. One type gives the value of the meteorological 
element, for example pressure, by the interval between the signals. 
A second type makes use of a change in audio-frequency with reference 
to a fixed audio-frequency to give the value to the element. 

It will suffice here to discuss the general features only of one 
of these instruments. One instrument has a silver wire wound in 
the form of a spiral on a small cylinder. The cylinder is rotated 
at a uniform rate, being driven by a small electric motor. The 
other parts of the radiosonde consist of a small bimetallic strip 
which measures temperature, several strands of hair forming a 
hair hygrometer for measuring humidity and a small metal aneroid 
bellows for measuring pressure. From the aneroid bellows for ex- 
ample there extends a contact arm to the revolving cylinder. This 
arm makes a contact with the silver wire once each revolution and 
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automatically sends out a radio signal. As the pressure changes the 
arm will rise or fall and thus the interval between contacts will change 
and also the interval between successive signals. Down below, the 
signals are received automatically, each one being recorded as a dash 
on achart. From the interval between dashes the amount of change 
in each element can be calculated. 

One advantage of the radiosonde which I have not yet referred 
to is the fact that the results are available immediately. Usually 
within three or four hours from the time the flight is started the full 
observations are being received over the teletype on the other side 
of the continent. As mentioned before, the radiosonde has also made 
it possible to obtain observations in the worst types of weather, in 
dense fog and in severe icing conditions where no plane flight could 
even be considered. The maximum altitude attained by a radiosonde 
varies, but it is not unusual to attain heights of 60,000 to 70,000 feet 
and very occasionally higher than 20 miles. Having obtained such 
observations, we are still a long way from our goal, however. How 
are we going to relate the fact that the temperature at 20,000 feet at 
Minneapolis this morning is —30° C with the problem of whether it 
will snow at Montreal to-morrow, or is there any relation between 
the two? 

Those of us who have studied meteorology feel there is a very 
close relationship but it must be admitted that it is not yet a problem 
that is entirely solved. I may indicate just what we have found up 
until now. 

All of you are no doubt familiar with the white fleecy clouds that 
float across the sky on a warm summer day or with the heavy billow- 
ing clouds that seem to swell high up into the sky before a thunder- 
storm. These clouds, known to us as cumulus or cumulo-nimbus, 
respectively, are caused by convection, or rising currents of warm 
air. Ifa parcel of air becomes warmer than the air surrounding it, 
it is then lighter and will start to rise. Whether it will continue to 
rise, however, depends on the rate at which the temperature of the 
air above decreases with height. It is a well known principle of 
elementary physics that if a gas expands without any heat being 
added to it, its temperature will fall. This is just what happens to 
our parcel of air, for as it rises higher the surrounding pressure 
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decreases and the parcel cools. To a close degree of approximation 
this may be taken as the adiabatic rate of cooling and we can thus 
calculate what it would be. This works out to a rate of cooling of 
about one degree centigrade per 100 metres, or about 5.5 Fahr. 
degrees per 1000 feet. When our parcel of air has risen a thousand 
feet therefore it will be cooler or warmer than the air surrounding it, 
depending on whether the temperature of the surrounding air falls 
less or more than five and a half degrees. If the rate of decrease is 
less than this amount our parcel of air will be cooler than the air 
around it and it will have lost any tendency to rise further. On the 
other hand if the temperature of the atmosphere falls more than five 
and a half degrees a thousand feet the parcel of air will be warmer 
than the air around it and will continue rising. 

In the first case we say the atmosphere is stable and in the second 
case it is unstable. This is one of the most fundamental ideas in 
meteorlogy. If the air is unstable and some obstacle such as a front 
or a mountain range deflects it upward, it will continue to rise until it 
is cooled to the condensation point and heavy cumulus-type clouds 
begin to form and under proper conditions rain begins to fall. We 
may suppose for instance that a cold front is pushing eastward 
against warm air that is unstable. As the cold air pushes under- 
neath the warm air and lifts it upward this hidden energy is suddenly 
released and the warm air continues its upward movement of its own 
accord and violent thunderstorms, rain-squalls and line-squalls may 
result. 

From our radiosonde observations we may determine the degree 
of stability of the air. The chief means by which this is done is by 
plotting the results on a themodynamic diagram devised by Sir Napier 
Shaw, called the tephigram. 

To obtain a clear picture of affairs in the upper air we also 
construct pictures of the atmosphere in section. One of these is the 
cross-section. This is merely a vertical section of the atmosphere 
taken from north to south or east to west. On an east-west section, 
for example, we enter data showing temperature, humidity and 
other elements at different levels and at different stations across the 
continent. Its main function is to give us a picture of the atmosphere. 
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A second method used is to draw maps of different levels. One 
of those most widely used is the 10,000-foot map. These charts 
show the isobars, temperatures, winds and humidities at these levels. 
It is surprising on many occasions to see just what a large difference 
there is between these maps and the surface maps. Many of the 
weaker lows and highs shown on the surface have entirely disappeared 
at 10,000 feet and the general tendency is to have a very deep low 
centred over the Arctic regions, with westerly winds circulating 
around it to the south. The surface lows and highs appear as waves 
in this westerly wind circulation. 

One of the latest methods of studying the upper atmosphere, and 
one which has come to be widely used in the United States in the last 
few years, involves investigations of the characteristics of isentropic 
surfaces. This was originally suggeted by Sir Napier Shaw quite a few 
years ago but the suggestion was not followed out until around 1937 
when C. G. Rossby of the Massachusetts Institute of Technology 
attempted to put it to practical use. The system is rather difficult to 
explain without becoming involved in thermodynamics, but briefly it 
may be said to depend on the assumption that a parcel of air gains 
very little heat from the surrounding air or by radiation from the 
earth or sun. No matter how much it rises or falls in the atmosphere, 
therefore, its potential temperature, or the temperature it would have 
if brought down to the surface, would remain the same. Air moving 
in any direction should therefore move along one of these surfaces 
of equal potential temperature, or, what is the same thing, surfaces 
of equal entropy. If we further assume that the moisture content of 
a parcel of air remains the same we have a means of mapping the 
motion of the air and following the large scale moist and dry currents 
in the atmosphere. In addition it may be shown that large scale 
eddies resulting from shearing stresses must take place along such 
surfaces. Investigation of this latter method is still proceeding how- 
ever, and a good deal of light is being shed on the subject in con- 
nection with previous work on ocean currents. 

It will perhaps be a relief to turn from these niore technical aspects 
of our subject to the more practical sides. 

More than any other practical science, meteorology depends on 
communications for its existence. We use every type that is available, 
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telegraph, teletype, radio and cable and perhaps when television has 
become more of a reality we shall attempt to send weather maps by 
television. Twenty-five years ago observations were taken only twice 
a day and it was possible to depend on ordinary commercial telegraph 
to transmit all these observations. With the development of aviation 
however, it became necessary to have hourly or even more frequent 
observations from a large number of stations. With such frequent 
observations and the necessity of sending these with no delay it became 
necessary for the meteorological services to have their own com- 
munication systems. It is not quite correct to say these are their own 
systems for the wires and equipment are leased from the telegraph 
companies, and they look after maintenancé. It is necessary to have 
these teletype systems follow the airway routes as closely as possible 
so that weather information may be available at all principal and 
intermediate stations where it is required. Since the present war 
started it has also been necessary to extend these lines to include a 
large number of R.C.A.F. training schools. Our teletype system in 
Canada alone now extends from Newfoundland to Vancouver Island 
and includes some several thousand miles of lines used for meteor- 
ological traffic alone. These teletype lines are operating continuously 
twenty-four hours a day at an almost steady rate of sixty words a 
minute. The extent of the system in the United States is almost 
ten times as large and is connected to our system at several points 
across Canada, one of these being Montreal. At a principal teletype 
centre such as ours there are five to seven teletype machines operat- 
ing at once, all at a steady rate of sixty words a minute. In addition 
to a rapidly expanding maze of teletype lines we have been expanding 
our radio communications. Stations located thousands of miles from 
civilization, in the barren lands and the far north now send in their 
observations regularly three and four times a day. It may be taken 
for granted that many more such stations have been established for 
war-time reasons, but the same reasons preclude more than a mention 
of them. It might be added that while war-time has brought about 
an improvement in this regard it has far outweighed this advantage 
in the other obstacles it has thrown in our way. We are almost 
entirely without ship observations for the ocean areas, for they no 
longer dare to use their radios while at sea and all radio transmission 
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from land stations which might be heard by the enemy must now be 
put into secret code and then decoded again at their destination—often 
a cumbersome process. Along our airways routes there are located 
at regular intervals the range stations which form the beam or range 
along which the pilot flies. From these stations in ordinary times 
there are broadcast hourly weather observations for neighbouring 
stations, so that the pilot may be kept fully informed of all changes in 
the weather as he proceeds along his route. 

Aside from the changes in communications in the last few years 
there has also been a very large increase in the forecasting facilities. 
Even ten years ago in Canada all forecasting was done from one 
central office in Toronto. Starting with the development of Trans- 
Canada Airways in 1937, offices were established at strategic centres 
across Canada, until there are now ten such forecasting centres within 
Canada, all fully staffed with trained meteorologists. These are 
located at Halifax, Moncton, Montreal, Toronto, Winnipeg, Leth- 
bridge, Edmonton, Vancouver and Victoria. This omits entirely the 
large number of meteorological stations established since the war 
started at schools of the B.C.A.T.P. The staff at such forecast centres 
is large because they are required to operate continuously twenty- 
four hours a day. 

The standard of training for a meteorologist has also advanced in 
recent years. Normal requirements are now a university graduation 
in mathematics and physics with a year’s post-graduate work in 
meteorology. This has been made necessary by the large advance 
made in the theoretical side of the subject, and the meteorologist 
requires an advanced basic training to understand this work. Since 
the war began the great demand for meteorological staff for air 
training schools has made it necessary to give less comprehensive 
training to large numbers of men. Those with aptitude and high 
qualifications are then given further instruction to qualify them as 
forecasters. 

A great deal of work has been done in recent years in attempting 
to increase the range of accurate forecasts. At present using ordinary 
means, accurate forecasts cannot be issued for much more than forty- 
eight hours and often much less than this in aviation forecasts which 
require such detailed information as height of the clouds, miles of 
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visibility and levels at which icing will occur. One school of thought 
seems to feel that the best line of attack is to discover a system of 
cycles by which the weather varies. Great hopes were held at one 
time that the cycle of wet and dry years might be found to correspond 
to or be some multiple of the sun-spot cycle. Some ingenuous methods 
were used in investigating this, one being an investigation of tree 
rings as shown on some of the ancient redwood trees of southern 
California. Wet years are shown as wide well-developed rings, and 
a dry year shows the opposite. Another method is to investigate the 
deposits of shale on old lake beds which should have a thick deposit 
for wet years and a thin one for dry years. Unfortunately such 
investigations do not seem to bear out the sun-spot cycle theory nor 
in fact do they seem to show any very definite cycle. 

Quite lately the United States seems to have developed a much 
more promising method. Investigations along this line were started 
as a result of the drought period in the thirties in the mid-western 
states, and intensive research covering several years has finally re- 
sulted in a tentative method by which they are now issuing five-day 
forecasts. It cannot be claimed that this is the first attempt in this 
direction as previous to the war the Germans were even attempting 
thirty-day forecasts. The latter, however, were often in such 
general and vague terms as to be almost useless. Certain ideas 
behind the United States system may be rather interesting to you, 
embracing as they do a picture of the flow of the whole atmosphere. 
The idealized picture of the world’s winds as taught in geography 
classes must be familiar to all of you. This consists of a belt of 
calms near the equator, a region of northeast trade winds, a region 
of prevailing westerlies and near the pole a region of light easterlies. 
This system of winds would be satisfactorily explained if around 
the equator we had a weak belt of low pressure, a region of high 
pressure around the subtropics and a deep belt of low around the 
subpolar regions. It is rather easy to see however that no belt of 
pressure can extend uniformly around the earth. For one reason, 
there would be no north-south component to our air currents and 
therefore no means of carrying the excess heat of the tropical latitudes 
northward. For that reason our pressure belts must be broken down 
into cells; a succession of high-pressure areas in the subtropics and a 
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succesion of low-pressure areas in the higher latitudes. If the earth 
were a uniform surface in our latitudes we should no doubt have a 
symmetrical system of lows with intervening ridges of high pressure 
arranged around the globe. This, however, neglects the effect of the 
continents. Over these the air is colder in winter, and therefore 
denser. The areas of high-pressure therefore tend to centre over 
the continents and those of low over the ocean. The general result 
is the formation of semi-permanent areas of low pressure near the 
Aleutian Islands in the Pacific and near Iceland in the Atlantic 
with semi-permanent areas of high over the northern part of North 
America and in Siberia. The American attempt at five-day fore- 
casting is based on a study of the motion of these semi-permanent 
areas of high and low pressure rather than that of the migratory 
cyclones and anticyclones which pass rapidly through our latitudes. 
To do this they find the average pressure at a station for a five-day 
period and use this in drawing their maps, working on the assumption 
that the use of such a period eliminates fluctuations in pressure due to 
ordinary day-to-day effects. It is often possible then to detect displace- 
ments in the position of the semi-permanent areas which they feel 
cause the broader features in the weather pattern. 

Upon reaching the end of this address I realize just how broad 
a subject I had chosen and just how much it was necessary to omit. 
It has not seemed possible or suitable to go very deeply into the 
theoretical side of the subject, but in spite of that you may be assured 
it has kept abreast of the rest. Some very important mathematical 
contributions have been made in recent years, especially in the field 
of wave and cyclone formation and in turbulence and _ shearing 
stresses. New and better instruments have been and are continuing 
to be developed. 

The present war has made us concentrate most of our services for 
the armed forces and war services but we hope that after the war 
much of this will be released for the general public. In particular 
we feel that there are many sections of the industrial and commercial 
life of the country to whom we could supply valuable information. 
For example we are often in a position to warn telegraph and tele- 
phone companies of those winter sleet storms which disrupt their 
traffic, we are able to give warnings to city, railway and highway 
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officials of heavy snowstorms which will require large removal staffs, 
we are able to warn live-stock shippers and farmers of severe cold 
waves that might kill their stock, we are able to warn large industrial 
firms which employ numbers of men on outside work of inclement 
weather coming, or utility concerns can be warned of conditions which 
may call for extra loads on their facilities. We are already issuing 
many of these types of forecasts to parties who have become interested, 
and in addition we are issuing storm warnings to boats, general 
forecasts for the newspapers, frost warnings, forecasts of conditions 
favourable to forest fires, as well as our aviation service which is 
largest of all. As a matter of fact we are all affected to some extent 
by the weather and in many cases forewarned would be forearmed. 
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LES RAYONS COSMIQUES 
“Croire tout découvert est une erreur profonde; 
C’est prendre l’horizon pour les bornes du monde”. 
( LEMIERRE. ) 


ee n'est soumis a aucune influence étrangére, un gaz ne doit pas 
du tout conduire l’électricité. Certains rayons produisent dans 
tous les gaz une petite conductibilité électrique. Sont déja connus 
comme produisant cet effet, les rayons ultra-violets extrémes de la 
lumiere, les rayons Roentgen, les rayons cathodiques, puis, les rayons 
alpha, beta et gamma des substances radio-actives. Ces rayons, en 
modifiant les molécules mémes du gaz, le rendent capable de conduire 
lélectricité. Les particules chargées s’appellent ions et le gaz qui 
les contient est dit ionisé. Plus un gaz est ionisé, plus il est apte a 
conduire |’électricité. 

Si l’on place un électrométre, positivement chargé, dans du gaz 
ionisé, les ions négatifs du gaz seront attirés par l’instrument, tandis 
que les positifs seront repoussés. L’instrument se décharge. C’est 
le moyen de controle par excellence. A l'aide d’électroscopes d’une 
sensibilité extréme il est possible de reconnaitre la présence et la 
nature des moindres charges électriques. 

On savait que l’air libre est toujours un peu conducteur de 
l’électricité et on attribuait cette conductibilité aux substances radio- 
actives. Mais en additionnant l’action combinée des divers rayons 
connus on s’apercut bientot que l’air était plus conducteur que les 
substances radio-actives ne pouvaient le laisser prévoir. 

De plus, si, a l’aide d’un écran métallique, on protége un gaz 
contre l’influence de tous les rayons connus, la conductibilité, contre 
toute attente, ne disparait pas complétement. I! existe donc d’autres 
rayons qui concourent a Il’ionisation du gaz. 

De multiples essais ont démontré que cette conductibilité minime 
diminue si l’on place l'appareil dans une caverne de glacier. Elle 
disparait complétement si on le descend a une profondeur d’environ 
300 pieds dans l’eau pure d’un lac. D/’autre part, elle augmente 
rapidement si l’observateur se rend, avec ses instruments, 4 de grandes 
altitudes. 
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On chercha l’explication de ces phénomenes dans un rayonnement 
ionisant arrivant de l’extérieur, sur notre planéte. Une partie de 
ce rayonnement pénetre l’'atmospheére et atteint la surface de la terre, 
tandis que la plus grande partie du rayonnement est absorbée par la 
masse de I’air. 

I] fallait donner un nom a ces rayons nouveaux. En Europe cen- 
trale, on les appela “‘rayons Hess” a cause des recherches importantes 
que le professeur Hess avait effectuées dans ce domaine. En 
Amérique, on les nomma “rayons Millikan” a cause du physicien de ce 
nom. L’appellation de “rayons cosmiques” se généralise de plus en 
plus. (Grec: Kosmos: univers) allusion a l’origine supposée de ces 
rayons. 

On ne soupgonnait pas les rayons cosmiques avant 1900. On ne 
sait rien encore de leur nature, mais les recherches se poursuivent et 
on en analyse les effets avec la plus grande minutie. 

On a pu déterminer leur force de pénétration, c’est-a-dire, leur 
dureté. Ils sont plus durs que les plus durs rayons du radium. Si 
une plaque de plomb d’une certaine épaisseur arréte les rayons gamma 
du radium, les rayons cosmiques traversent comme rien le plomb ou 
l’acier. 

Ces nouveaux rayons présentent déja un grand intérét a un point 
de vue purement expérimental. Mais l’étude de leur formation devient 
de plus en plus passionnante par les hypothéses surprenantes qu’elle 
permet d’échaffauder. 

Il semble au moins probable que les rayons cosmiques sont formés 
non par la décomposition radio-active des atomes lourds, mais par 
la destruction des atomes légers, spécialement de l’hydrogéne, ou 
par la transformation de I’hydrogéne en hélium, ou au cours d’autres 
réactions semblables. 

Ces réactions auxquelles participent les noyaux des atomes (et 
non seulement les électrons extérieurs comme c’est le cas dans les 
réactions chimiques) correspondent a d’énormes dégagements d’éner- 
gies; énergies qui sont des millions de fois plus grandes que celles 
produites par la combustion de mémes quantités de charbon par 
exemple. 
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il serait done trés intéressant d’obtenir des renseignements sur 
les conditions dans lesquelles ces réactions ont lieu. On peut dire 
que tout ce que nous apprendrons de nouveau sur les rayons cos- 
miques nous rapprochera de la solution des probleémes fondamentaux 
de la science et de la technique. En fait, si l'homme devait réussir 
a retirer des matiéres bon marché qui l’environnent, notamment de 
l'eau, une partie des énormes quantités d’énergies qu’elles contiennent, 
que ce soit sous forme de rayons que l’on peut transformer en chaleur, 
ou sous forme d’énergie électrique, tout notre systeme économique 
serait modifié du tout au tout. Le charbon et le pétrole ne présente- 
raient plus qu'un intérét géologique et il faudrait chercher dans de 
vieux livres la description d’une mine de houille. 

Kolhorster est déja allé a la rencontre des rayons cosmiques 
jusqu’a 27,000 pieds. Mais, a cette altitude, l’observateur a encore 
au-dessus de lui un tiers de la masse atmosphérique. On pouvait 
s'attendre 4 de nouveaux résultats si l’on réussissait a s’avancer a 
des altitudes beaucoup plus fortes et 4 y prendre des mesures exactes 
concernant les rayons cosmiques. 


Aussi, de toutes parts, les recherches se poursuivent-elles avec 
une grande activité. Cette étude n’est pas facile toutefois car, ces 
rayons sont doués d’une puissance de pénétration inouie: 30 métres 
de plomb les arrétent a peine, (Marcel Boll) et ils sont doués d’une 
énergie considérable (10 milliards d’électrons-volts). 


Les rayons cosmiques ont d’abord été assimilés aux photons 
gamma. On est str aujourd’hui qu’ils sont surtout formés de grains 
d’électricité (positrons, protons, . . .) et parviennent verticalement 
au sol, aprés s’étre enroulés autour du champ magnétique terrestre. 

On a étudié ces corpuscules jusqu’a 500 métres de profondeur 
d’eau, ainsi que dans les explorations stratosphériques: il en résulte 
qu’environ 99% de leur énergie est absorbée par leur passage a travers 
atmosphere. 


Plusieurs ascensions en ballon libre ont été effectués dans le but 
d’étudier les rayons cosmiques. Le professeur A. Picard, de 1’uni- 
versité de Bruxelles, fit trois ascensions et atteignit, le 27 mai 1931: 
51,755 pieds, (9.81 milles), le 18 aotit 1932: 53,152 pieds (10.07 
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milles) et le 23 octobre 1934, 57,579 pieds (10.9 milles). Il avait 
traversé les neuf dixiémes de l’atmosphere. 

De leur coté, les Américains Stevens et Anderson, dans un 
véritable laboratoire volant, hermétiquement scellé, atteignirent, le 
28 juillet 1934, la hauteur de 60,613 pieds et enfin, le 11 novembre 
1935, dans |’Explorer II, ils s’élevérent jusqu’a 72,395 pieds (13.71 
milles) la plus grande hauteur jamais atteinte par homme. Au point 
culminant de cette mémorable ascension, ils avaient au-dessous d’eux 
les 96/100 iémes de l’atmosphere. 

Un de leurs appareils était composé de tubes sensibles aux rayons 
cosmiques placés dans les positions les plus diverses: les uns, hori- 
zontalement, d’autres formant avec l’horizon un angle de 10, 30 ou 60 
degrés, d’autres enfin placés verticalement. De plus, un moteur relié 
a la gondole par un bras activait un évantail qui faisait tourner le 
ballon sur lui-méme de sorte que, pendant l’ascension les tubes se 
trouvaient a balayer les rayons cosmiques venant de toutes les 
directions. 

Durant la derniére ascension (Explorer II, le 11 nov. 1935) on 
fit les observations suivantes : 

Les rayons cosmiques pénétrant par le tube vertical furent de plus 
en plus nombreux jusqu’a la hauteur de 57,000 pieds. Ils dimi- 
nuérent ensuite jusqu’a plus grande hauteur atteinte: 72,395 pieds. 

A 40,000 pieds les rayons verticaux étaient 40.1 fois aussi 
nombreux que les rayons verticaux enregistrés au niveau de la mer. 
Pour la méme hauteur, le 28 juillet 1934, Mr Picard avait trouvé 
42.3 fois. A 53,000 pieds ils étaient de 53.2 selon Mr Picard (1934) 
tandis qu’a la méme altitude l’Explorer II enregistra 51.5. 

A 57,000 pieds ils étaient 55 fois plus nombreux qu’au niveau 
de la mer. Ce fut la le plus grand nombre enregistrés. A 72,395 
pieds, ils n’étaient plus que 42 fois plus nombreux qu’au niveau de la 
mer. 


On avait attaché a l’extérieur de la gondole, deux boites de plaques 
photographiques recouvertes d’une émulsion spéciale. Les _boites 
étaient enveloppées de papier noir a l’épreuve de la lumiére. Dévelop- 
pées, les plaques ne montrérent aucune image, mais lorsqu’on les 
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examina sous le microscope on apercut les grains de |’émulsion et 
ici et la une longue trainée. 
En laboratoire, on avait trouvé précédemment que, dans les 
; mémes circonstances, le rayon C’ alpha du radium, ayant une énergie 
: de 7.7 millions d’électrons-volts, produisait une trainée de 33 grains 
de longueur. Or, les traces photographiques de nos rayons cosmiques 
avaient 350 grains de longueur, ce qui équivalait, selon le Dr. Wilkins, 
a une énergie de quelque cent million d’électrons-volts. 


' Les corpuscules propagés par les rayons cosmiques sont incroya- 
blement petits et légers, mais en raison de la vitesse extréme dont P 
ils sont animés, ils produisent sur les atomes qu’ils rencontrent des é 
: actions trés énergiques. Certains de ces chocs donnent lieu a de 
| véritables explosions avec production de gerbes de débris atomiques. 


Les atomes frappés avec tant de vigueur sont désagrégés et donnent 
naissance a d’autres atomes de nature différente et l’on voit ainsi que 
la transmutation de la matiére, réve des alchimistes et longtemps 
regardée comme chimérique, se produit constamment tout autour de 
nous. A l’heure actuelle il semble que ces rayons constituent les plus 
actifs agents de désagrégation que l'on connaisse. 


| L’énergie globale qui frappe notre Terre sous forme de rayons 

cosmiques représente, selon Marcel Boll, environ la moitié de 
“lobscure clarté qui tombe des étoiles”. Chacun de nous, ajoute-t-il, 
est traversé de part en part, en une heure, par 200,000 corpuscules 
cosmiques, et contrairement a ce qu’on pensait d’abord, le soleil n’y 


est pour rien. On ne trouve, en effet, aucune différence entre le 
jour et la nuit dans l’intensité des rayons cosmiques. 

Bien des choses restent encore a trouver dans le domaine de ces 
fameux rayons; bien des résultats ont besoin d’étre consolidés. “On 
ne peut s’empécher d’admirer,” dit Ch. Fabry, “la disproportion qui 
existe entre la petitesse des moyens d’observation dont on dispose 
et la grandeur des hypothéses auxquelles on est conduit. 

Qu’il s’agisse de leur nature, de leur origine, de leur action, de 
leur role dans l’univers les rayons cosmiques sont enveloppés de 


i mystére, et, une fois de plus, nous pouvons évoquer les paroles que 
le grand Shakespeare fait dire a Hamlet: “Il y a plus de choses dans Sh 
le ciel et sur la terre que n’en peut réver notre philosophie”’. 
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COMMUNICATIONS 
FROM THE 
DAVID DUNLAP OBSERVATORY 
Number 10 


THE ORBITS OF THE 
SPECTROSCOPIC BINARY H.D. 93075 


By J. NortTucott 


"THE star H.D. 93075, a (1900) 10” 39".8, 5 (1900) + 57° 26’, 
vis. mag. 7.03, type FO, was announced in D.D.O. Publi- 
cations, Vol. 1, No. 3, as having a variable velocity with a range of 
52 km./sec. as given by six plates. The spectral type was revised 
by F. S. Hogg to be AQ. 
The earlier observations of H.D. 93075 were made in 1938 and 
1939. Observations were resumed in 1941. Thirty-eight plates 
were obtained in 1941 and 1942 with the 12-inch camera of the 
one-prism spectrograph, giving a dispersion of about 66 A/mm. 
at Hy. Since May 1942 the 25-inch camera has been used on the 
spectrograph, giving a dispersion of about 33 A/mm. at Hy. Four 
plates were obtained with this camera in 1942. These forty-eight 
plates gave a good determination of the period, but the velocity 
curve showed considerable scatter, especially at maximum and 
minimum; there was little evidence of eccentricity. The infor- 
mation obtained from these plates is given in Table I. The first 
plate taken in 1943 showed the cause of the scatter to be due to 
the presence of the spectrum of a second component. Six other 
plates were obtained near maximum and minimum in order to 
obtain the ratio of the masses of the components. 

On the seven plates showing both spectra about thirteen lines 
were measured of the main spectrum and from five to ten lines of 
the secondary. The lines for which the two components were 
measured were: Fe I, \\3956, 4005, 4030, 4045, 4063, 4071; Sr II, 
\ 4077; Hé, \ 4101; Fe I, \A 4118, 4143, 4202; Sr Il, 4 4215; Fe I, 
A 4233, 4271. 
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340 Ruth J. Northcott 
TABLE | 
J.D. 243 Vo Phase Ve Vo — Ve 
km./sec. from T, km./sec km./sec 
9032.579 — 56.4 | 1.448 — 65.9 + 9.5 
9035.575 | 0.835 — 07.8 = 
9306.819 — 58.2 1.298 — 67.6 + 9.4 
9358.653 — 08.1 | 0.781 | +009 — 9.0 
9369.658 — 19.7 0.955 | + $5 
9379.604 — 10.1 | . — 07. ~ % 
| too | Mo | 
93.6! — 40. — 50. 
0096.623 4143 | 0.424 | + 29.7 — 15.4 
0109.555 — 06.4 0.720 + 09.9 
0109.715 | — 28.4 0.880 — 15.4 — 13.0 
3.55$ — 46. : — 52. 5. 
0113.643 | ~ 53.9 1.197 _ 13 + 74 
3. ~ @. 1. — 67. - @ 
565 + O18 0.314 + 24.4 — 22.9 
0114.735 + 11.7 0.484 | + 29.6 17.9 
0116.576 + 16.9 0.520 + 28.5 — 11.6 
0117.619 — 49.3 1.563 — 56.0 + 6.7 
0118.657 07.8 | 0.796 ~ 63 
0120.567 — 21.4 0. — 19. - £ 
0123.635 +048 | 0.358 + 27.3 — 22.5 
0127.664 ~ 93 0.77 + 01.5 — 18.6 
0128.564 — 29.6 | 1.677 — 40.5 + 10.9 
0128.665 —-249 | 1.778 | — 24.0 — 09 
0132.667 +17.6 | 0.364 | + 27.6 — 10.0 
0134.570 +119 0.462 + 29.9 — 18.9 
0135.572 —60.3 | 1.464 — 64.9 + 4.6 
0141.663 + 02.0 | 0.334 | +258 — 23.8 
0144.617 —48.0 | 1.483 | — 63.6 + 15.4 
0148.590 | 0.040 185 13.3 
0151.603 —~569 | 1.248 — 65. 
0152.603 +05.2 | 0.443 + 29.9 — 24.7 
0155.607 — 36.4 1.642 — 45.8 + 94 
0156.600 | 0.829 — 06.8 74 
0166.597 — 28.4 | 1.800 20.2 32 
38.675 — 25.6 034 — 13.5 - & 
| | tom | | 
0444.772 — 03.8 0.170 + 08.1 11.9 
0508.635 — 15.3 0.850 | — 10.4 — 49 
0516.628 | — 42.2 1.623 — 48.4 + 6.2 
0518.633 —-169 | 0.017 — 16.4 + 0.5 
0524.61 + 25.8 0.580 + 25.0 08 
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The period of revolution was determined with considerable accu- 
racy since an interval of over 1000 cycles separated the first and 
last observations. It is estimated that the period cannot be in 
error by as much as 0.0001 day. Since the velocity curve indicated 
little eccentricity, a least-squares solution was performed to obtain 
the elements of circular orbits y, K; and Ky using only the seven 
plates showing double lines. 

The equations for radial velocity for the two components are: 

V; + K, sin a 

V2 = 7 — Kesina 
where a is the angle measured from T,, the time at which the 
radial velocity of the primary star is equal to the velocity of the 
system, going from negative to positive. 

The following table gives the data for the seven plates used in 
the least-squares solution. The headings of the columns are self- 
explanatory. The values for the second component were given 
half weight. 


TaBLeE II 
Primary Secondary 
J.D. 243 | Phase Vo Ve |Vo-—Vcj| Vo Ve |Vo — Vc 


days |km./sec.| km./sec.| km./sec.] km./sec.| km./sec.} km./sec. 
0733.793 0.359 | + 26.4 | + 27.4| —1.0 — 67.7 | — 72.9) + 5.2 
0792.749 1.548 | — 56.2} — 57.6) + 1.4 + 33.6 | + 248] +88 
0797.854 1.237 | — 64.6| — 64.4| —0.2 + 29.0 | + 32.6 | — 3.6 
0808.831 | 1.383 | — 69.3 | — 68.2} —1.1 + 34.1 | + 37.0 | —2.9 


0818.724 0.445 | + 29.1 | +29.9| —08 — 768 | +32 
0837.585 1.254 — 67.6 | — 65.5] — 2.1 + 37.0 | + 33.9} 4+ 3.1 
0858.604 0.611 | + 22.2 | + 22.5 | —03 — 672) &5 


The differential equation of condition used to determine the 
corrections to the preliminary elements is: 
6V = by + sin a 6K, — sin a 5Ko. 
The corrections obtained from a least-squares solution of this 
equation were negligible. 
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The final elements are: 


P 1.8052 days 
e 0 
J. D. 2430170.030 
y — 19.26 + 0.20 km./sec. 
K, 49.19 + 0.83 km./sec. 
K. 56.53 + 1.15 km./sec. 
a, sin i 1,221,000 km. 
ag sin i 1,403,000 km. 
m, 0.118 © 
mM, sin*i 0.103 © 
The individual observations are plotted on the graph in Figure 1. 
The probable error of a single observation when the two com- 
ponents are measured is 2.01 km./sec. 
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Fig. 1—Velocity Curves of the Spectroscopic Binary H.D. 93075. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try te seeure answers to queries. 


DEATH OF Dr. DUNCAN MCARTHUR 


The Royal*Astronomical Society of Canada was deprived of an 
appreciative friend by the death if its Honorary President, the 
Hon. Duncan McArthur, on July 20, 1943. 

Duncan McArthur was born on a farm near Dutton, Ont., 
March 17, 1885, and received his preliminary education in the 
public and high schools there. He graduated B.A. at Queen's 
University in 1907 and then studied law in Toronto. Between 
1907 and 1912 he carried on historical research at the Dominion 
Archives. In 1915 he was called to the bar and practised law for 
two years. From 1917 to 1922 he held executive positions in two 
Trust companies. Following this he was head of the Department 
of History at Queen’s from 1922 until 1934, when he was appointed 
Deputy Minister of Education for Ontario. This important post 
he held for six years and then he received the unprecedented pro- 
motion to be Minister of Education with a seat in the Cabinet of 
the Government of Ontario. Overwork brought on a serious illness 
and he passed away in the full possession of his intellectual powers. 
During his association with the Department of Education the great 
reorganization of the courses of study in the schools of the Province 
was undertaken, and it is to be regretted that he did not live to see 
its completion. 

Dr. McArthur was the author of a high school history of Canada 
and he made several other contributions to historical studies. His 
high attainments were recognized by the conferring of honorary 
degrees by the four universities of Ontario: Queen’s, Western 
Ontario, Toronto and McMaster; and in 1941 he graciously ac- 
cepted the office of Honorary President of the R.A.S.C. 

FRANK SCHLESINGER (1871-1943) 

Frank Schlesinger was born in New York City May 11, 1871. 
In 1890 he graduated B.S. from the College of the City of New York 
and then for five years he was a surveyor in his native city. He 
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then became a graduate student at Columbia University which 
made him M.A. in 1897 and Ph.D. in 1898. Next year he es- 
tablished the International Latitude Station at Ukiah, Cal., and 
for four years he remained there studying the ‘“‘wandering of the 
pole.”” The observations which he had to make were very simple 
and far from spectacular, but they demanded extreme accuracy. 
In work of this nature he continued all the rest of his life. 

From 1903 to 1905 he was an astronomer at the Yerkes Observa- 
tory under the auspices of the Carnegie Institution and there 
developed his method of determining photographically the paral- 
laxes of the stars. Before this time hardly half-a-dozen stellar 
parallaxes were known with even moderate accuracy. Schlesinger 
led the way in the measurement of thousands of trustworthy trigo- 
nometric parallaxes. Following this great achievement he became 
director of the Allegheny Observatory and for fifteen years he 
carried out, with the 30-in. photographic refractor, a programme of 
stellar parallax, radial velocity (including solar rotation and spectro- 
scopic binaries) and the determination of star places by photogra- 
phy. His searching analysis of the results obtained led to world-wide 
recognition as the leader in precise astrometric measurements. 

In 1920 he was chosen director of Yale Observatory which for 
many years had made stellar parallax its chief field of labour. He 
retired in 1941 as his health was failing and death occurred on 
July 10, 1943. 

For his outstanding work in a difficult field Schlesinger received 
recognition in many quarters. He was elected a member of several 
learned societies at home and abroad, and was awarded three 
medals and two honorary degrees. About twenty-five years ago 
he was elected an Honorary Fellow of the R.A.S.C. His last im- 
portant publication (Transactions of the Astronomical Observatory 
of Yale University, Vol. 15, 1943) was a general catalogue of stellar 
parallaxes, in which the results obtained by all observers are critical- 
ly considered and combined into a homogeneous whole—a task 
which very few could have accomplished successfully. 
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Notes and Queries 


WorTH REPRINTING 


The following sonnet appeared in the New York Herald-Tribune: 


PLANETARIUM 


Here now young voyagers come, with eager eyes, 
Where guided constellations will rehearse 
A panorama of the universe, 

To learn the charted wisdom of the skies. 

Then shall they steer their course by Jupiter, 
Or through the icy green of northern lights, 
Seek far Polaris upon lonely nights, 

When frozen Arctic skies are lavender. 


Versed in the newest science known to man, 
They add this hoary learning; ancient lore 
That shepherds followed on an eastern shore, 
Who knew Orion and Aldebaran. 
So, close beside, yet ages from, the street, 
The past, the future, and the eternal meet. 
Mary BRENT WHITESIDE 


MorE ‘‘TWINKLE, TWINKLE!” 


From Mr. H. Warren K. Hale of 3193 Westmount Blvd., 
Montreal, comes the following interesting communication: 

Referring to the parody on “Twinkle, Twinkle” cited from memory by your 
correspondent, there is a printed version of this parody in Franklin P. Adams’ 
anthology of light verse, ‘‘Innocent Merriment.’’ New York, McGraw-Hill, 1942. 
It differs slightly from your correspondent’s version. I enclose a transcript of 
the verses as given by Adams. 

In the first line of the first stanza of the Adams text, I assume “‘orific’’ is used 
as a variant of “‘aurific’’. Between “‘vivific’”’ (giving life) and “‘aurific” (bearing 
gold), the preference would seem to lie with the latter word. Also, in the second 
line of the third stanza “‘coruscation’’ seems preferable to ‘‘conflagration.”’ In 
other respects, I prefer the version published by you. 

In Adams’ version, the possessive used in “‘nature’s specific’ is shocking. 
From it emanates a medicinal odour that is not pleasant and it distorts the sense. 
Its use is probably due to a proofreader’s oversight. 


THe LitTLeE STAR 


Scintillate, scintillate, globule orific, 

Fain would I fathom thy nature's specific. 
Loftily poised in ether capacious, 
Strongly resembling a gem carbonaceous. 
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When torrid Phoebus refuses his presence 
And ceases to lamp with fierce incandescence, 
Then you illumine the regions supernal, 
Scintillate, scintillate, semper nocturnal. 


Then the victim of hospiceless peregrination 
Gratefully hails your minute coruscation. 

He could not determine his journey’s direction 
But for your bright scintillating protection. 


UNKNOWN 


A.C. 


DEATH OF Mrs. C. A. CHANT 


Astronomical and University circles were saddened to learn of 
the death on October 6, at her home at Observatory House, of 
Jean Laidlaw Chant, wife of Professor C. A. Chant. For forty- 
nine years Mrs. Chant had shared, with great enthusiasm, her 
husband’s wide interests in physical and astronomical science. 
She shared Dr. Chant’s intense pleasure in the founding of the 
David Dunlap Observatory and enjoyed the warm friendship of 
its founder, Mrs. D. A. Dunlap. 

At the University of Toronto she took an active part in the 
social life associated with both the academic staff and the students. 
For about forty years one of the pleasant features of undergraduate 
life was the annual party at which Mrs. Chant and Professor Chant 
entertained the mathematics and physics students in their home. 
Amongst staff activities, she was prominent in the founding and 
maintenance of the University Arts Women’s Club. She also 
worked faithfully in University Settlement work, the Red Cross, 
and in the United Church of Canada. 

Outside our own University, Mrs. Chant was well known to 
the astronomical world. She had accompanied her husband when 
pursuing graduate study at Harvard. She took an active obser- 
vational part in Professor Chant’s many eclipse expeditions, in- 
cluding Australia (1922) and Quebec (1932); she also accompanied 
him on an extended trip to Europe, Egypt and the Near East in 
1925. With him she attended all the meetings but one of the 
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International Astronomical. Union, and they were very frequently 
representatives to the meetings of the American Astronomical 
Society. 

During Dr. Chant’s half century of guiding care of the Royal 
Astronomical Society of Canada, the Society always found in Mrs. 
Chant a gracious friend. Our sympathy is extended to her husband, 
to their two daughters, and four granddaughters in the loss of this 
Christian gentlewoman. F.S. H. 


MEETINGS OF THE SOCIETY 


AT WINNIPEG 


May 13, 1943—The Society met in Theatre F, University of Manitoba, 
at 8.15 pm., Mr. V. C. Jones in the chair. The president expressed the joy 
of all present in having at the meeting Mgr. Morton, Honorary President of 
the Winnipeg Centre, after a long and serious hospital illness. 

The May meeting of the Society had been planned to commemorate the 
400th anniversary of the death of the great Polish astronomer, Copernicus, and 
representative Polish citizens of Winnipeg were present. 

The speaker of the evening was Professor Frank Allen, head of the 
Physics Department of the University of Manitoba, who took as his subject, 
“Copernicus.—His Place Among the Scientists of the Last Four Centuries.” 

The speaker reviewed first the contributions of the great galaxy of scien- 
tists from Copernicus to Newton, and also of Bradley, Henderson and Ein- 
stein. He mentioned the great number of Aristotelian pseudo-scientific ideas 
prevailing before Copernicus appeared, and showed how the insight of genius 
of succeeding scientists corrected false notions and placed basic ideas of the 
universe and the laws of nature on scientific foundations. The practical ap- 
plications of many of these laws and principles have contributed greatly to 
the advance of civilization, e.g., Toricelli’s ideas on the nature and cause of a 
vacuum have been used in designing radio tubes, electric light bulbs, railway 
brakes, etc. 

Dr. Allen then touched on the amazing versatility of Copernicus with his 
knowledge of law, medicine, art, poetry and languages, having at his com- 
mand Polish, Italian, German, Latin and Greek. Without the discoveries of 
Galileo, Kepler, and Newton, to be able to work out a sound theory of the 
nature of the solar system was an accomplishment of the first magnitude. 
That parts of his theory were dynamically unsound is quite understandable 
when we remember that Copernicus was working before the principles of 
dynamics were developed. 
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At the close of the lecture Mgr. Morton congratulated the speaker on 
unfolding so clearly and so interestingly the major scientific and astronomical 
advances of the centuries since Copernicus, and showing how so much of 
this development was but a superstructure raised upon the foundations laid 
by that great Polish genius. 

L. J. Crocker, for Press Secretary. 


AT MONTREAL 


April 8, 1943—Dr. W. Bruce Ross, Professor of Mathematics, McGill 
University, addressed the Montreal Centre on “Where Are the Stars?” 

As the object of his lecture was to enable us to answer the questions, 
“When I look up at the sky what stars do I see?” and “At what time will any 
particular star be on our meridian?”, we were concerned this evening not with 
the actual distances of the stars but with the stars where they appear to be. 
The grouping of the stars into constellations by the early astronomers was a 
means of marking the sky into areas, but as the science advanced a more ac- 
curate method was needed. To indicate the exact position of any spot on the 
earth’s surface, we use lines of latitude and longitude and a similar method 
has been agreed upon for indicating any point in the sky. Imagine the stars 
to be fixed to an outer sphere, as the early Greek astronomers believed to be 
the case. This “celestial sphere” has its poles and equator directly above the 
terrestrial poles and equator. As on the earth the parallels of latitude measure 
in angular degrees the distance from the equator, so in the celestial sphere the 
“declination” of a star or other heavenly body is its distance from the celestial 
equator. Similarly, the “right ascension” of a star is its angular distance from 
the Vernal Equinox, which is the “Greenwich” of the celestial sphere. There is 
this difference, however. In speaking of declination we use the terms “plus” 
and “minus” instead of north and south, and for Right Ascension we measure 
up to 360° east of the Vernal Equinox instead of 180° east or west. Also, as 
the sun travels through 15° in one hour, Right Ascension is commonly cal- 
culated in hours instead of degrees. ‘ 

With various diagrams and devices, Dr. Ross then explained what is 
meant by the Vernal Equinox. He then gave a very practical method of lo- 
cating a heavenly body, using the tables in the Opserver’s HANpDBOOK, as follows: 
(Needed: The local time of day, Right Ascension of Mean Sun (p. 7), Right 
Ascension and Declination of Star (pp. 63-74) or Planet (pp. 26-31) 

1. Find the Pole Star (by the pointers of the Dipper.) 

= 2. Point the left arm at the Pole Star, and, holding the right arm always 

at right angles to the left arm, sweep the right arm across the sky. This 

will trace out the Celestial Equator. 

Point towards where the sun is now (from the number of hours past noon.) 

4. Swing further west by the sun’s right ascension. You will now be pointing 
towards the Vernal Equinox. 
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5. From here, swing east by the amount of the star’s right ascension. 

6. Look north (or south, if declination negative) of the Celestial Equator by 
the amount of the star’s declination. This should be the position of the star. 
Dr. Ross also explained how one can determine one’s latitude from the 

Pole Star, how to tell the time from the star Vega, and spoke briefly on 

the precession of the equinoxes. 

IsaBEL K. Recording Secretary. 


April 22, 1943——The President of the Montreal Centre, Mr. D. P. Gillmor, 
K.C., addressed the meeting on the subject “Life on Other Worlds.” 

In introducing his subject Mr. Gillmor qualified “life” as being life as we 
know it, believing that we wish to find out if there are other people like our- 
selves elsewhere in the Universe. To determine what conditions are necessary 
to our life and the vegetable and other life needed to support us we must call 
to our aid the geologist, the botanist, the biologist, the chemist, the mathema- 
tician and the physicist. 

Tracing briefly the geological history of the earth and the development 
of various forms of life, Mr. Gillmor mentioned the 92 elements known to 
the chemist which builds up all forms of matter—inorganic, organic or living. 
We and what we live on are particularly dependent upon the carbon atom and 
its peculiar power of uniting with other atoms. The main requisites of life are 
oxygen, water and a temperature that is neither too high nor too low; but 
for life to subsist there must also be an absence of gases which have a toxic 
effect upon living organisms. This brings us to the consideration of what an 
atmosphere is and how it acts. A gas is an aggregation of molecules in per- 
petual motion, and in a mixture of gases the molecules of different kinds move 
at different speeds, “the average speed of each kind of molecule being inversely 
proportional to the square root of its molecular weight.” Mr. Gillmor spoke 
of the effects of changes in temperatures on the speed of molecules and gave 
a clear explanation of the term “velocity of escape,”—the speed necessary to 
overcome the force of gravitation. The velocity of escape depends upon the 
mass and radius of any given body and thus the constituents of the atmos- 
pheres (if any) of the planets can be ascertained. The temper+*ures of the 
planets can also be calculated and so it is impossible to determine if any of 
the planets satisfy the conditions necessary to support life. The speaker then 
referred to each planet in turn, showing how none but our earth could sup- 
port life as we know it. 

Thus in the known confines of our solar system we find but one spot where 
life exists, but, as Mr. Gillmor said in concluding his address, “our sun is 
a comparatively mediocre star lying well off centre in a wheel-shaped aggre- 
gation of millions of stars which we call the Milky Way and which in its 
turn is one of millions of nebulae and it is probable that somewhere in this 
inconceivably large number of stars there is one or more with a planet on 
which conditions exist similar to ours.” 

K. Recording Secretary. 
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May 6, 1943—Mr. Francis P. Morgan carried his audience reeling off 
into space when he addressed the Montreal Centre on “The Galaxies.” 

We live in the suburban region of our galaxy, Mr. Morgan informed us, 
F the sun being located in a star-cloud 32,000 light years from the centre of 

i the galactic system which is over 100,000 light years in diameter. The galaxy, 
whose spiral structure has been determined by its rotational properties and by 
analogy with other systems, belongs to a local group, of nine. Our nearest 
neighbours are the Large and Lesser Magellanic Clouds. These contain Cepheid 
variables, blue giants and globular clusters such as are found in our galaxy. 
The nebula in Triangulum (M33) closely resembles ours both as to rotation- 
al properties and stellar content. The great nebula in Andromeda, however, 
has a large unresolved nuclear region and more tightly coiled spiral arms, 
while of its two companions, M32 is a typical elliptic nebula and NGC209 is a 
peculiar type, elliptic in shape and containing resolvable stars and globular 
clusters. Two small galaxies of the Magellanic type complete the group. 

Going beyond the local group we find that the general field contains 
several million nebulae distributed on an average of one to every million cubic 
light years. At present the field of observation is limited to a radius of 250 
million light-years. Mr. Morgan mentioned the several methods used in esti- 
mating the distances of the galaxies. The distances of the nearer systems can 
be calculated fairly accurately by observing the pulsation periods of their 
Cepheid variables. 

After discussing in some detail the various types of nebula, Mr. Morgan 
. spoke of the recession of the galaxies. If a nebula is bright enough to produce 
a spectrogram, its radial velocity can be determined by the shift of the lines 
. in its spectrum. According to this method, while the nearer galaxies come or 
si go, all galaxies five million or more light-years away are travelling from us 
at a speed increasing with distance at the rate of 101 miles per second per 
million light-years. The velocity of the most distant yet measured is 23,000 
miles per second, which has led many astronomers to doubt the interpretation 
of the red shift in the spectrum. 

Mr. Morgan then turned to some unsolved problems which the galaxies 
present. First, an elliptic nebula or the central portion of a spiral nebula ro- 
tates as a solid wheel in apparent contradiction to known laws. Secondly, 
there is the high colour index, which cannot be explained satisfactorily by in- 
terstellar absorption since the colour index is uniform, and thirdly, there is 
the problem of spiral structure. In his opinion, not enough consideration has 
been given to the effects of radiation pressure on cosmic dust.* Mr. Morgan 
presented his argument in a very convincing manner, supporting ,his statement 
with details of his calculations and the authorities from which he had derived 
the data used. IsaBeL K. Wititamson, Recording Secretary. 


*Mr. Morgan’s article on “The Effects of Radiation Pressure on Cosmic 
Dust” appeared in the December 1942 issue of the JourRNAL. 
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May 20, 1943—Mr. DeLisle Garneau’s address on “Astronomical Obser- 
vations for Amateurs” concluded the series of ten lectures given by the Mont- 
real Centre for its new members. 

Down through the years amateurs have made invaluable contributions to 
astronomy and Mr. Garneau assured his listeners that they too could render 
service to astronomy by making practical observations with or without optical 
means. “Whatever the nature of your observations,” he said, “bear this in mind, 
that they are not valueless or insignificant to the eyes of the professional 
astronomers but on the contrary will be highly appreciated by them.” 

There are twelve fields of exploration and study open to the amateur. 
(1) the Sun, (2) Sun-spot influence, (3) the Moon, (4) Occultations, (5) 
the Planets, (6) Comets, (7) Meteors, (8) the Aurora Borealis, (9) Eclipses, 
(10) Variable Stars, (11) Novae and (12) Telescope making. Five of these— 
sun-spot influence, the Aurora Borealis, meteors, eclipses and, of course, 
telescope making—do not require a telescope. 

Beginning with the Aurora Borealis, Mr. Garneau said that all with a 
good northern exposure should take up this fascinating study and he showed 
how to record a display on the report form furnished by Cornell University. 
No elaborate equipment is required for meteor observing. Eight members of 
the Montreal Centre, with the help of star charts, report forms, flashlights, and 
a watch with a second hand, recorded 240 meteors in one evening during the 
Perseids shower in August 1942. Sun-spots have been associated with physical 
phenomena on the earth. It has been noted that some birds arrive earlier dur- 
ing minimum sun-spot periods and Mr. Garneau suggested that records be 
kept of the time of arrival of the birds each spring and the last time the 
cricket is heard each autumn. Eclipses of the sun have been observed at every 
corner of the earth with the best equipment available manned by eminent as- 
tronomers. Lunar eclipses, however, have been badly neglected in the past. 
Here, then, is a field where the amateur, with the unaided eye or with the 
help of opera glasses, binoculars or a small telescope, can make contributions 
of real value. 

With a pair of binoculars the amateur can enter another field—that of 
novae search, recently inaugurated by Mr. Roy A. Seely of Harvard. For 
the owners of telescopes the sun is a most interesting study, especially during 
maximum sun-spots. With a 4-inch telescope practical observations can be 
made of the moon, the principal planets, comets and variable stars. 

Mr. Garneau discussed each field in turn, giving his audience mych valu- 
able information regarding the manner in which to record and report their 
observations and furnishing them with address to which to write for report 
forms, charts and other information. 


Here are the addresses which Mr. Garneau gave :— 


Planets and Meteors 


Dr. C. A. Chant, David Dunlap Observatory, Richmond Hill, Ontario. 
‘Aurora Borealis 
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Dr. C. W. Gartlein, Rockefeller Hall, Cornell University, Ithaca, N.Y. 
Variable Stars 


Mr. Leon Campbell, Recorder of the A.A.V.S.O., Harvard Observatory, 
Cambridge, Mass. 


Comets 
Dr. N. T. Bobrovnikoff, Perkins Observatory, Delaware, Ohio. 
The Moon 
Mr. Walter Haas, New Waterford, Ohio. 
Lunar Eclipses 
Ville Marie Observatory, 4052 Wilson Ave., Montreal, Que. 
Novae 
Mr. Roy A. Seely, 1160 Fifth Avenue, New York, NY. 


IsaBeL K. Wittiamson, Recording Secretary. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
1890-1943 


The Society was incorporated in 1890 under the name of The Astronomical 
and Physical Society of Toronto, and assumed its present name in 1903. 

For many years the Toronto organization existed alone, but now the Society 
is national in extent, having active Centres in Montreal and Quebec, P.Q.; 
Ottawa, Toronto, Hamilton and London, Ontario.; Winnipeg, Man.; Edmonton, 
Alta.; Vancouver and Victoria, B.C. As well as about 800 members of these 
Canadian Centres, there are over 200 members not attached to any Centre, mostly 
resident in other nations, while some 300 additional institutions or persons are 
on the regular mailing list for our publications. 

The Society publishes a monthly JouRNAL containing about 500 pages and 
a yearly OBSERVER’S HANDBOOK of 80 pages. Single copies of the JOURNAL or 
HANDBOOK are 25 cents, postpaid. In quantities of 10 or more copies, the price 
is 20 cents a copy. 

Membership is open to anyone interested in astronomy. Annual dues, 
$2.00; life membership, $25.00. Publications are sent free to all members or 
may be subscribed for separately. Applications for membership or publications 
may be made to the General Secretary, 198 College St., Toronto. 


The Society has for Sale: 
Reprinted from the JourNAL of the Royal Astronomical Society, 1936-1943. 
The Physical State of the Upper Atmosphere, (revised 1941) by B. 
Haurwitz, 96 pages; Price 75 cents postpaid. 

General Instructions for Meteor Observing, (revised 1940) by Peter M. 
Millman, 24 pages; Price 15 cents postpaid. 

A. H. Young's Simple Mounting for the 6-inch Reflector, by H. Boyd 
Brydon, 16 pages; Price 10 cents postpaid. 

The Visual Photometry of Variable Stars, by H. Boyd Brydon, 64 
pages; Price 50 cents postpaid. 

' A Yoke Mounting for the Six-inch Telescope, by H. Boyd Brydon, 

8 pages; Price 10 cents postpaid. 
Does Anything Ever Happen on the Moon? by W. H. Haas, 76 pages, 

5 plates; Price 60 cents post paid. 

Setting Up and Adjusting the Equatorial Reflecting Telescope, by 

H. Boyd Brydon, 25 pages; Price 25 cents postpaid. 


In quantities of ten or more copies, a discount of 20 per cent will be allowed. 
Send Money Order to 198 College St., Toronto. 
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